The NE content of diets containing wheat-corn distillers dried grains with solubles (wcD-DGS; 1:1 ratio) fed to growing pigs was determined using the comparative slaughter (CS), indirect calorimetry (IC), and chemical composition (CH) methods. The experimental diets were a corn-soybean meal control diet (CTRL), CTRL + 15% wcDDGS, and CTRL + 30% wcDDGS. In Exp. 1, 56 barrows (18.5 kg BW) were used to determine the NE value of diets using the CS method. Pigs were initially placed in 8 groups (7/ group), based on BW and 1 pig/group was killed at the start of the experiment to obtain baseline body composition. The remaining 48 pigs were housed in pairs and allotted to the 3 diets (n = 8). Pigs had free access to feed and water for a 28-d period, after which 1 pig/pen was slaughtered to determine fi nal body composition. Based on the CS method, NE values of 2,430, 2,427, and 2,429 kcal/kg DM were obtained for diets containing 0%, 15%, and 30% wcDDGS, respectively. In Exp. 2, 18 barrows (20.4 kg BW) were used to determine the NE value of diets using the IC and CH methods. Pigs were individually housed in metabolism crates and fed the 3 diets (n = 6) at 550 kcal ME/kg BW/d for a 16-d period. Feces and urine were collected from d 11 to 16, followed by measurement of O 2 consumption, CO 2 production, and urinary N, over a 36-h period using an IC system. For the IC method, NE values of 2,586, 2,513, and 2,520 kcal/kg DM were obtained for diets containing 0%, 15%, and 30% wcDDGS, respectively, and corresponding values for the CH method were 2,447, 2,451, and 2,368 kcal/kg DM, respectively. The NE values that were obtained with the CS, IC, and CH methods were not different.
INTRODUCTION
In North America, dietary energy is usually expressed as DE or ME. However, DE and ME systems tend to overestimate the energy value of fi brous or high protein feedstuffs, and underestimate the energy value of ingredients that have high concentrations of starch and fat (Noblet et al., 1994a) . These defi ciencies in measurement of dietary energy are very important for the economics of pig production and there is, therefore, an increasing interest among swine producers in using a system based on NE. Research data in support of a NE system are lacking in North America. The NE system allows for a more effective use of high fi ber coproducts, such as distillers dried grains with solubles (DDGS), as feedstuffs for swine.
Determination of NE in feeds and feedstuffs has been done using the comparative slaughter (CS; Noblet et al., 1987; Kil et al., 2011) and indirect calorimetry (IC; Noblet et al., 1994a; Hansen et al., 2006) methods. However, the CS method is labor intensive and requires a large number of animals. The IC method requires fewer animals, takes a relatively short period of time, and can be used for repeated measurement of energy balance (van Milgen and Noblet, 2003) . Net energy prediction equations based on chemical composition (CH) measurements of feeds and feedstuffs have also been suggested (Noblet et al., 1994a) .The equations have not been widely adopted in North America because nutritionists have not developed confi dence in the values incorporated into those systems (Pettigrew, 2009) .
Inclusion level of DDGS may affect NE because increasing the dietary inclusion level of DDGS has been shown to reduce apparent total tract digestibility (ATTD) of energy in pigs (Urriola and Stein, 2010) . Thus, the objectives of this study were to: 1) determine the NE value of diets containing wheat-corn DDGS (wcDDGS) for growing pigs using the CS, IC, and CH methods, 2) compare the CS, IC, and CH methods of NE determination, and 3) investigate the effect of dietary inclusion level of wcDDGS on the NE value.
MATERIALS AND METHODS
All experimental procedures were reviewed and approved by the University of Manitoba Animal Care Protocol Management and Review Committee (Winnipeg, MB, Canada), and pigs were cared for according to the guidelines of the Canadian Council on Animal Care (CCAC, 2009) .
Distillers dried grains with solubles that were produced from the cofermentation of wheat and corn at a 1:1 (wt/wt) ratio were obtained from a plant (Husky Energy Ethanol Plant, Minnedosa, MB, Canada). The experimental diets were a corn-soybean meal-based control diet (CTRL), CTRL + 15% wcDDGS, and CTRL + 30% wcDDGS (Table 1) . Diets were formulated to meet or exceed NRC (1998) nutrient specifi cations for pigs in the BW range of 20 to 50 kg. All diets were pelleted. The pigs used in both experiments (Yorkshire-Landrace female × Duroc male; Genesus, Oakville, MB, Canada) were obtained from the Glenlea Swine Research Unit, University of Manitoba.
Comparative Slaughter (Exp. 1)
Fifty-six barrows with an average initial BW of 18.5 ± 1.5 kg were placed into 8 groups (7/group) based on BW. At the start of the experiment, 1 pig/group was slaughtered to determine initial body composition. The remaining 48 pigs were housed in pairs and randomly assigned to the 3 dietary treatments for a 28-d period. Pigs had unlimited access to feed and water throughout the experiment, and room temperature was maintained between 22 and 24°C. On d 29, 30, 31, and 32, 1 pig per pen (selected randomly) was slaughtered (2 pigs per treatment on each day). On each day of slaughter, pigs were weighed, anaesthetized by an intramuscular injection of ketamine:xylazine (20:2 mg/kg; Bimeda-MTC Animal Health Inc., Cambridge, ON, Canada), and killed by an intravenous injection of sodium pentobarbital (50 mg/kg of BW; Bimeda-MTC Animal Health Inc.). The carcass was split down the midline from the groin to the chest cavity, and viscera were removed. Care was taken to ensure all blood was collected from each pig and weighed. The carcass was split into 2 equal halves and the right half was weighed and stored at -20°C. The digestive tracts were separated from other organs, emptied of digesta, and weighed. All samples of blood and visceral organs were frozen at -20°C until ground for further analyses.
Indirect Calorimetry (Exp. 2)
Eighteen barrows with an average initial BW of 20.4 ± 2.4 kg were individually housed in adjustable metabolism crates (1.8 × 0.6 m) with smooth transparent plastic sides and plastic-covered expanded metal sheet fl ooring in a temperature-controlled room (23 to 24°C). The study was conducted in 2 consecutive periods (9 pigs per period) using the same facility and similar experimental conditions and procedures, because only 3 respiration chambers were available for this study. Each period lasted for 25 d; in each period (based on initial BW), pigs were allocated to the 3 diets used in Exp. 1 in a completely randomized design to have 3 pigs per diet. During the fi rst 16 d, pigs were housed in metabolism crates and fed their respective diets at 550 kcal ME kg BW -0.6 •d -1 (Noblet et al., 1994a) , based on BW at d 1, 5, 10, and 15. Throughout the experiment, pigs were fed once daily at 0830 h and had free access to water. The fi rst 10 d were for adaptation and the next 6 d were for collection of feces and urine to determine DE and ME. Total collection of urine commenced on the morning of d 11 and ended on the morning of d 16. On d 11, each pig received 5 g of ferric oxide (as an indigestible marker) in 100 g of feed that was fed in the morning. The remaining portion of the morning feed was offered after all the marked feed was consumed. Fecal collection commenced when the marker appeared in feces. On the morning of d 16, pigs were offered 100 g of marked feed, as described before, and collection of feces was terminated when the marked feces appeared. Feces were collected once daily in the morning and stored at -20°C. Urine was also collected once daily in the morning (in jugs containing 10 mL of HCl to minimize N losses) and weighed. A sample (10% of total weight) was obtained, strained through cotton gauze and glass wool, and stored at -20°C. On d 17, 3 pigs were transferred to the respiration chambers for the measurement of heat production (HP) over a 36-h period. The second and third sets of 3 pigs were transferred to the respiration chambers on d 20 and 23, respectively. On each day, pigs were transferred to the respiration chambers within 1 h of fi nishing their daily feed allocation to measure O 2 consumption and CO 2 production over a 24-h period (fed state), followed by another 12-h measurement period (fasted state). Water was freely available in the chambers and urine voided during the 24-and 12-h periods was collected separately, weighed, subsampled, and stored at -20°C until N analysis. The room temperature was kept at 23 to 24°C and personnel movement around the chambers was limited to avoid disturbances.
Sample Preparation and Chemical Analyses
Fecal samples were oven dried at 50°C for 5 d and fi nely ground before chemical analysis. Urine samples from metabolism crates and IC chambers were thawed and pooled separately for each pig, sieved with cotton gauze, and fi ltered with glass wool. Frozen carcasses were chopped into smaller pieces using an electric band saw and then ground in a grinder (Model H600, Hobart Manufacturing Co. LTD, Toronto, ON, Canada) to pass through a 24-mm die. The loss of dust during cutting was minimized by blocking the cutting area with wooden boards. After grinding, carcasses were mixed in a 20-kg mixer (Model A200, Hobart Manufacturing Co. LTD) to ensure even distribution and facilitate uniform sampling. After 10 min of mixing, an approximately 1-kg sample of carcass was collected and reground through a 12-mm die. The reground samples were freeze dried and fi nely ground with a coffee grinder (Applica Consumer Products Inc., Miami Lakes, FL) for chemical analysis. The body organs and empty gastrointestinal tract were ground in a meat grinder (OMAS LR 37050, OMCAN-Stoney Creek, Hamilton, ON, Canada) through a 22-mm die. Stomach, small intestine, colon, cecum, and liver were ground together and marked as "intestine," whereas the remaining organs (lungs, spleen, kidneys, and others) were ground together and marked as "miscellaneous." A 600-g sample was taken from the intestine and miscellaneous of each pig after thorough mixing. The samples were freeze dried and fi nely ground with a coffee grinder (Applica Consumer Products Inc.) for chemical analysis.
Diet, DDGS, and fecal DM were determined according to AOAC (1990) method (925.09) by oven drying a 5-g sample at 105°C overnight. The DM content of body components (i.e., carcass, viscera, and blood) was determined by freeze drying to a constant weight. The GE content of DDGS, diets, feces, carcass, viscera, blood, and urine was measured using an adiabatic bomb calorimeter (Model 6300, Parr Instrument, Moline, IL), which had been calibrated using benzoic acid as a standard. Nitrogen content in DDGS, diets, feces, urine, and body components was determined using the combustion method (990.03; AOAC, 1990) with a N analyzer (Model CNS-2000; LECO Corp., St. Joseph, MO) and CP was calculated as N × 6.25. Crude fat in diet and ingredient samples was determined after hexane extraction (Method 920.39; AOAC, 1990) in an extraction apparatus and fecal samples after acidifi cation with 9 N HCl followed by hexane extraction. Diet and fecal samples were analyzed for AIA according to McCarthy et al. (1974) . Briefl y, a 12-g sample was boiled for 30 min in 100 mL of 4M HCl, fi ltered through ashless fi lter paper with boiling water until free of acid, and ashed for 6 h at 650°C. The ADF and NDF contents in diets and DDGS were determined according to the method of Goering and Van Soest (1970) , and ash content was determined according to AOAC (1990) method (942.05) . The starch content in DDGS was measured according to AOAC (1990) method (996.11) using an assay kit (Megazyme Total Starch assay kit; Megazyme International Ltd, Wicklow, Ireland).
The urine samples collected from the metabolism crates were analyzed for DM and GE. For the DM of urine, 1 mL of each sample was mixed with 0.5 g of cellulose and weight of the resulting mixture recorded. The urine-cellulose mixtures together with samples of pure cellulose were dried in an oven at 50°C for 24 h. The GE was then determined on the dried urine-cellulose mixtures, as described before, and samples of pure cellulose and the contents of the same in urine were calculated by the difference method (Fleischer et al., 1981) .
Calculations and Statistical Analysis
Exp. 1. The total quantity of energy, protein, and lipids in each pig at slaughter was calculated from the sum of the energy, protein, and lipids in blood, viscera, and carcass. Retention of energy (RE), protein, and lipids were calculated as the difference between fi nal quantity of energy, protein, and lipids, and the initial quantity of energy, protein, and lipids. The daily NE requirement for maintenance for each pig was calculated by multiplying the mean metabolic BW (kg 0.6 ) by 179 kcal (Noblet et al., 1994a) . The mean metabolic BW of each pig was calculated as the average of the metabolic BW obtained weekly during the experimental period. The NE of each diet was calculated as the sum of energy retained in the body and total operational NE requirement for maintenance (ONEm) during the experimental period.
Exp. 2. Heat production, fasting heat production (FHP), RE, DM intake, and NE were calculated using these equations: HP = 3.87 × O 2 + 1.20 × CO 2 -1.43 × urinary N (g) (Brouwer, 1965) [1] where HP = heat production (kcal), O 2 = oxygen consumption (L), and CO 2 = carbon dioxide production (L). FHP = 3.87 × O 2 + 1.20 × CO 2 -1.43 × urinary N (g) (Brouwer, 1965) [2] where FHP = fasting heat production (kcal), O 2 = oxygen consumption (L), and CO 2 = carbon dioxide production (L). RE = ME -HP (Noblet et al., 1994a) [3] DMI = feed intake × feed DM, % [4] NE = (RE + FHP)/DMI (Noblet et al., 1994a) [5].
Net energy was also calculated using CH measurements according to Eq. 3, 4, and 5, reported by Noblet et al. (1994a) :
where EE = ether extract (% DM), STa = starch (% DM), and CF = crude fi ber (% DM). All data (Exp. 1 and 2) were subjected to the GLM procedures (SAS Inst. Inc., Cary, NC). Effects of diet and period were included in the model for statistical analysis. The effect of period was not signifi cant (P = 0.21 to 0.71); therefore, it was not included in the fi nal model. Orthogonal polynomials were used to determine linear and quadratic effects of diet and a probability of P < 0.05 was considered signifi cant.
RESULTS

Exp. 1
The analyzed composition of experimental diets and wcDDGS are presented in Tables 1 and 2 , respectively. The analyzed dietary CP values were similar to the calculated values (Table 1) . There was no effect of wcD-DGS inclusion on RE and NE of diets (Table 3) . The RE values of diets containing 0%, 15%, and 30% wcD-DGS were 1,393, 1,351 and 1,305 kcal/kg, respectively, and corresponding values for NE were 2,431, 2,427, and 2,429 kcal/kg, respectively (Table 3) .
Exp. 2
Digestible energy and ME contents linearly decreased (P < 0.05) with dietary inclusion of wcDDGS (Table 4) . Heat production and FHP were not affected by wcDDGS inclusion. The RE of diets containing 0%, 15%, and 30% wcDDGS were 950, 787, and 888 kcal/kg, respectively (Table 4) , and these values were not different from each other. The NE of diets containing 0%, 15%, and 30% wcD-DGS were 2,586, 2,513, and 2,520 kcal/kg DM, respective- ly. For the CH method, NE of diets containing 0%, 15%, and 30% wcDDGS were 2,447, 2,451, and 2,364 kcal/kg DM, respectively (Table 5 ). For each of the 3 diets, NE values obtained from the CS, IC, and CH methods were not different (Table 6 ). In the 3 methods, no effect of wcDDGS inclusion rate was observed on NE values of diets.
DISCUSSION
The contents of CP, GE, ash, NDF, ADF, and EE of the DDGS sample in the present study compared favorably with that of Yanez et al. (2011) , who used DDGS with the same proportions of wheat and corn feedstock used in the present study (i.e., wt:wt of 1:1). This nutritional profi le confi rmed that Canada Prairie Spring (CPS) wheat and corn were cofermented in a 1:1 ratio (Yanez et al., 2011) . These values were intermediate to the average nutrient profi le of corn DDGS (Stein and Shurson, 2009 ) and wheat DDGS from CPS wheat (Widyaratne et al., 2009 ). However, the wcDDGS sample used in this study differed in CP and fi ber contents from those reported by Widyaratne and Zijlstra (2007) . Differences in CP and fi ber contents in wcDDGS may be due to differences in blending ratio of wheat and corn [the ratio of wheat to corn in wcDDGS used in this study was 1:1 as opposed to 4:1 used by Widyaratne and Zijlstra (2007) ], differences in source or cultivars of the original cereal grain, or differences in the fermentation process (Spiehs et al., 2002) . Values for the NE in the 3 diets obtained with the CS, IC, and CH methods were not different. In the current study, NE was calculated from DE because DE val- In the 3 methods, dietary inclusion level of wcD-DGS did not affect the NE value of wcDDGS. In theory, with greater inclusion of dietary fi ber, a greater proportion of the diet is expected to be degraded in the hindgut where short chain fatty acids are produced and absorbed with a lower metabolic effi ciency compared with energy digested in the small intestine (Noblet et al., 1989) . Accordingly, it was expected that increasing inclusion level of fi ber will decrease NE of wcDDGS. However, we did not detect any difference in NE of wcDDGS included at 15% or 30%. Therefore, results of this experiment indicate that dietary fi ber, which is digested in the small intestine and hindgut, is similar in terms of metabolic effi ciency for diets containing 15% and 30% wcDDGS.
If determined NE values for the diets are expressed as percentages of DE, values between 72% and 75% are obtained for all diets. These values are in close agreement with the average value of 71% previously reported for diets containing between 1% and 11% fat (Noblet et al., 1994a) .
Retained energy values of diets were greater if calculated with the CS method (1,393, 1,351, and 1,305 kcal/kg for diets containing 0%, 15%, and 30% wcD-DGS, respectively) compared with the IC method (950, 787, or 888 kcal/kg for diets containing 0%, 15%, and 30% wcDDGS, respectively). The reason for this difference may be an over estimation of HP by the Brouwer (1958) equation. The Brouwer equation coeffi cients were obtained in respiration trials with ruminants (Brouwer, 1958 ) and these mean values may not be applicable to pigs (Quiniou et al., 1996) . Heat production obtained in the present study ranged from 2,056 to 2,261 kcal/ kg. Noblet et al. (1994b) reported a similar HP value of 2,062 kcal/kg of feed for growing pigs. Values of FHP obtained in the present study were 1,577, 1,757, and 1,744 kcal/kg DM for the basal, 15% wcDDGS, and 30% wcDDGS diets, respectively. These values are in agreement with that obtained by Noblet et al. (1994a) , 179 kcal/kg BW 0.6 for 35-kg pigs (equivalent to 1,517 kcal/kg DM of feed).
In conclusion, the NE values of diets containing 0%, 15%, and 30% wcDDGS for growing pigs obtained from the 3 methods were not different. The values were 2,430, 2,427, and 2,429 kcal/kg DM for diets containing 0%, 15%, and 30% wcDDGS, respectively (CS method), and 2,586, 2,451, and 2,520 kcal/kg DM for diets containing 0%, 15%, and 30% wcDDGS, respectively (IC method), and corresponding values for the CH method were 2,447, 2,451, and 2,368 kcal/kg DM, respectively. There was no effect of wcDDGS inclusion on the NE value of diet. Therefore, for routine determination of NE of feeds, one may either use the IC or CH method. Noblet et al., 1994a) . NE = 0.843 × DE -463 (3); NE = 0.703 × DE + 1.58 × ether extract (EE) + 0.47 × starch (STa) -0.97 × CP -0.98 × crude fi ber (4); and NE = 0.700 × DE + 1.61 × EE + 0.48 × STa -0.91 × CP -0.87 × ADF (5).
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